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Abstract 
This article mainly does research on the evaluation of innovation factors and business efficiency considered of other 
research results and condition of the country. The index system construction is based on information entropy. Then 
this article applies network DEA model to evaluate the business efficiency. 
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1. Introduction 
The hotel and tourism enterprises develop rapidly in China. Business efficiency is a very important 
thing which is could not been neglected in such a period. If an enterprise does not pay attention to 
business efficiency management, the enterprise may face such problem: the assets keep growing while 
other key indexes like net profit, market share keep decreasing.  
DEA is one of the major methods to be used in efficiency evaluat ion. It solves problems based on the 
consideration of mathematical programming. We take tradit ional DEA models as ‘black boxes’, we just 
care about the input index and output index. As DEA developed, people begin to consider about the inside 
of ‘black boxes’. Fare and Grosskopf introduced network DEA in 2000 to solve such  problems. Many 
abroad researchers like Tone,Miki,Chiang Kao,Prieto Have do some deeply researches on network DEA, 
some domestic researchers like Yuan  Xuemei, Li Shuangjie and Bi Gongbing also devote to the principle 
or application of network DEA.  
 
* Corresponding author. Tel.: 27892371. 
E-mail address: tdgy100512@yahoo.cn 
Open access under CC BY-NC-ND license.
© 2011 Published by Elsevier Ltd.  
Selection and peer-review under responsibility of RIUDS
Open access under CC BY-NC-ND license.
Zhang Qi and Ma Junhai / Energy Procedia 5 (2011) 742–746 743
This article applied in formation entropy to construct the index system and select ‘intermediate 
products’. Then we calculated efficiency of every DMU, we also analyze the reason why enterprise 
perform good or bad. 
2. The construction of index system 
There are many factors to influence the performance of enterprises. the factors can been classified 
as internal factors and external factors. Because of the complexity and difficulty to measure, this article 
pays more attention to internal factors. We divided the whole system to four small parts: Cost control 
efficiency, Earnings efficiency, internal management efficiency and Risk control efficiency. 
This article targets 15 indexes according to the above consideration. Samples are from 28 Chinese 
hotel and tourism enterprises which are going public. The data comes from Enterprise's annual report on 
2009. Considered of information entropy, we delete four indexes which have weak abilities to 
distinguish. The selected indexes are Total assets, total assets of growth, cash ratio, profit, liquidity, 
sales expenses, administrative expenses, accrued wages, current liab ilities, advocate business income 
and owner's equity. 
3.  Research system and methods. 
This article divided the whole system to four small parts: Cost control efficiency, Earnings efficiency, 
Internal management efficiency and Risk control efficiency. And their relationship has been shown in 
Fig1. 
Fig1: mutual relationship between four parts 

01X , 02X , 03X , 04X are input indexes, 15Y , 25Y , 35Y , 45Y are output indexes, 12Y , 32Y , 34Y are 
intermediate products. Take 12Y  as an example, it is an output index of subsystem1, and it is also an 
input index of subsystem2. 
The calculation of this network DEA is: 
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Before calculation, we have to do dimensionless processing for primitive indexes because the 
negative raw data is not permitted in network DEA. This article takes 
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formula of dimensionless processing. ijx ˄ mi ,,2,1  ˈ nj ,,2,1  ˅means the true value of 
the NO.j index and the NO.i sample, and ijy  means the new value which is transformed from ijx . 
4. Results analysis 
Table1: calculation results 
DMU  Efficiency of 
network DEA 
Risk control 
efficiency 
Internal management 
efficiency  
Earnings 
efficiency  
Cost control 
efficiency  
1 0.33 0.094 0.19 0.12 0.2367 
2 0.75 0.066 0.44 0.02 0.7623 
3 1 0.1870 0.42 0.04 0.5363 
4 0.47 0.410 0.01 0.01 0.4878 
5 0.84 0.070 1 0.018 0.1304 
6 0.50 0.084 0.06 0.07 0.4843 
7 0.66 0.188 0.16 0.001 0.2306 
8 1 0.0102 0.04 0.86 0.1694 
9 0.20 0.053 0.605 0.03 0.1468 
10 1 1 0.08 0.08 1 
11 0.50 0.011 0.25 0.21 0.2709 
12 1 0.035 0.07 0.66 0.5686 
13 0.31 0.0306 0.10 0.05 0.2463 
14 0.25 0.0142 0.11 0.10 0.2658 
15 0.34 0.047 0.12 0.05 0.6888 
16 0.50 0.057 0.09 0.11 0.1416 
17 1 0.083 0.47 0.01 1 
18 1 0.484 0.12 0.02 0.1414 
19 0.30 0.01 0.09 0.07 0.3182 
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20 1 0.417 0.13 1 0.0740 
21 0.50 0.087 0.04 0.15 0.2551 
22 0.30 0.0133 0.22 0.02 0.3260 
23 0.75 0.079 0.35 0.01 0.7839 
24 0.35 0.398 0.18 0.07 0.1136 
25 0.30 0.01 0.06 0.02 0.2878 
26 0.45 0.161 0.132 0.02 0.3800 
27 0.92 0.047 0.28 0.02 1 
28 0.95 0.009 0.30 0.03 1 
Average 0.62 0.15 0.22 0.14 0.43 
In order to facilitate analysis comparison, we also solve every subsystem’s efficiency with   model. 
Fig2̚6 shows every efficiency distribution. 
     Fig2: efficiency of network DEA distribution.                        Fig3: risk control efficiency distribution 
    
Fig4: internal management efficiency distribution.                      Fig5: earnings efficiency distribution. 
    
Fig6: cost control efficiency distribution. 
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4. Results 
There are 9 DMUs whose network DEA efficiencies are lower than 0.4. Th is group of enterprises runs 
hard, they don’t have core competit iveness and they also don’t have any advantage in every subsystem. 
After comparison, we can find that the main problem of this group is how to find their core 
competitiveness. Take NO.15 DMU as an example,  this enterprise has a little  advantage in Cost control 
and earning is its worst subsystem. 
There are 7 DMUs whose network DEA efficiencies are between 0.4 and 0.7. Though this group 
doesn’t have high score, but they do have advantage in one or two subsystems, that is also to say almost 
every enterprise in this group has its core competitiveness. What they need to do now is to find their 
insufficient p lace and strengthen it. Take NO.7 DMU as an example, this enterprise has advantage in risk 
control but its earning problem need to be given priority to solve. 
There are 5 DMUs whose network DEA efficiencies are between 0.7 and 1. Th is group really has 
strong competit iveness. They just have one or two subsystems need to be improved. Take NO.2 DMU as 
an example, th is enterprise is powerful in cost control and internal management but its other two areas 
still have room to progress. 
There are 7 DMUs whose network DEA efficiencies are 1. But that is not to say this group does best 
in every part, actually every enterprise still has weak part to be improved. Take NO.18 as an example, this 
enterprise performs well in every part and it just needs to strengthen the earning ability. 
5. Conclusion 
The results show that the overall business efficiency of our hotel and tourism en terprises is on a high 
level. Each one has advantages and also has disadvantages in four parts including Cost control efficiency, 
Earnings efficiency, Internal management efficiency and Risk control efficiency. Most enterprises do well 
in cost control, and a great part of them try to increase attention to internal management. The key factors 
which g ive b ig influence to  whole business efficiency are the abilities of risk control and earning. Our 
enterprises need to raise consciousness of risk management, expand new locality of profit, avoid 
coessential competit ion and reckless expansion. They have to speed up reform in both risk control and 
earning aspects. 
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